The work flow used for fabricating the fluidic layer mold is illustrated in Supp. Fig. 1 . The mold consists of five different layers of photoresist with heights of 25 µm, 50 µm, 100 µm, 200 µm and 360 µm. The photoresist used for the 25 µm layer was SPR 220-7.0 (Rohm & Haas), while the rest of the layers were fabricated using SU-8 3050 (MicroChem). Initially a 25um tall SPR 220-7.0 layer was spin coated on a silicon wafer. This layer was patterned using photolithography and hard baked to generate a rounded channel cross section, required for effective valve closure. Rest of the layers were fabricated by stacking and patterning multiple layers of SU-8 3050 on the wafer. All the steps required for standard photolithography (Soft Bake, Exposure and Post Exposure Bake) are conducted for each layer of SU-8 3050, except the developing step. This step is conducted in common for all layers after the last SU-8 layer is patterned to remove excess unexposed photoresist from the wafer (Supp. Fig. 1 ). This technique was found to be very effective in preventing generation of bubbles and non-uniform coating of photoresist on the wafer due to the presence of features from earlier layers on the wafer.
lithography process is outlined in Supp. Fig. 2 . For this modified fabrication process, three different batches of PDMS were mixed. These varied in composition, and base to crosslinking agent ratios of 15:1, 10:1 and 6:1 were used, respectively. These batches were thoroughly mixed and degassed prior to use for device fabrication. The control layer mold was spin coated with a thick layer (~1 mm) of 6:1 PDMS and baked at 80 o C for 7 mins. A thin layer of 15:1 PDMS was spin coated on the fluidic layer mold. The device was designed such that the valve regions on the device were placed in areas surrounded by shallow fluidic channels, ensuring uniform coverage of these regions with a thin layer of PDMS. The PDMS on the fluidic layer mold was then baked at 80 o C for 6 minutes. The PDMS was removed from the control layer mold and the control layer was cut to the exact size of the valve regions on the device, while not covering any channels higher than 50 µm on the device (Supp. Step. Four consecutive layers of SU8 photoresist are spin coated and patterned on a single silicon wafer using photolithography. Each layer undergoes all standard photolithography steps like soft bake (SB), exposure and post-exposure bake (PEB). However, the developing step is conducted in common for all layers after patterning the last photoresist layer.
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form, the SSL system was designed to be compatible with the Costar 96-well plates (Corning).
The Electronic Pressure Controller (PCD-100PSIG-D-PCV03, Alicat Scientific) used in the SSL
system is a dual valve pressure controller designed for pressure control in a closed volume. All other structural components of the SSL system were purchased from Thorlabs (Newton, NJ).
Custom software developed in LabVIEW was used to control the Z-motion of the automated Zstage and the injection pressure applied by the Electronic Pressure Controller.
The capillary adapter in the SSL system features three different ports, which are designed for accepting, a microcapillary input, a pressure input and an output for gauging pressure inside a sealed sample well. We attached NanoPorts (Idex Health and Science) at these three ports, for consistent leak free connections with tubing corresponding to each port. The bottom surface of the capillary adapter also holds a silicone sealing ring, fabricated from Silicone Septa (1395-32SS, Corning), used to seal a sample well with the capillary adapter. All the three ports on the capillary adapter are routed to the bottom surface of the capillary adapter, where they open into a sealed sample well. For most of our experiments, a silica microcapillary (360 µm OD and 200 µm ID) was attached to the capillary input of the capillary adapter, unless specified otherwise.
The pressure input was connected to the output of the pressure controller. The pressure gauge port was unused and kept plugged for all the experiments. Prior to use, the silica microcapillary is treated with Aquapel TM (PPG Industries).
